Insights into kinetic mechanism of Janus kinase 3 and its inhibition by tofacitinib.
JAK3 kinase plays a critical role in several cytokine signaling pathways involved in immune cell development and function. The studies presented in this report were undertaken to elucidate the kinetic mechanism of the JAK3 kinase domain, investigate the role of activation loop phosphorylation in regulating its catalytic activity, and examine its inhibition by the anti-rheumatoid arthritis drug, tofacitinib. Phosphorylation of two Tyr residues in JAK3's activation loop has been reported to impact its kinase activity. The recombinant JAK3 kinase domain used in our studies was heterogeneous in its activation loop phosphorylation, with the non-phosphorylated protein being the dominant species. Kinetic analysis revealed similar kinetic parameters for the heterogeneously phosphorylated JAK3, JAK3 mono-phosphorylated on Tyr 980, and the activation loop mutant YY980/981FF. Bisubstrate and product inhibition kinetic results were consistent with both sequential random and sequential ordered kinetic mechanisms. Solvent viscosometric experiments showed perturbation of kcat, suggesting the phosphoryl transfer step is not likely rate limiting. This was supported by results from quench-flow experiments, where a rapid burst of product formation was observed. Kinetic analysis of JAK3 inhibition by tofacitinib indicated inhibition is time dependent, characterized by on- and off-rate constants of 1.4 ± 0.1 μM-1s-1 and 0.0016 ± 0.0005 s-1, respectively.